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Introduction
The degree of comovement of economic activity across states or regions is an issue of utmost importance to policy-makers. Asymmetric business cycles are often seen as an impediment to the formation of a common currency area. On the other hand, it has been argued that a common monetary policy in itself could reduce the cyclical asymmetry (Frankel and Rose 1998) .
Economic theory does not provide a clear answer regarding the impact of economic integration on the synchronization of output fluctuations, see Backus, Kehoe and Kydland (1995) and Baxter and Kouparitsas (2005) . For example, intensified trade relationships can generate demand and supply side spillovers, and might therefore induce a higher comovement of economic fluctuations. However, if stronger openness to trade is associated with higher intra-industry specialization across regions, cycles might become less synchronized because of the presence of asymmetric shocks. Since the issue is theoretically unsettled, it has to be explored empirically.
Many authors have investigated the synchronization of business cycles, typically (but not exclusively) with particular reference to the European integration process, see for example Artis and Zhang (1997) , Kose, Otrok and Whiteman (2003) , Artis, Krolzig and Toro (2004) and Canova, Ciccarelli and Ortega (2006) . Most contributors have detected a tendency for national business cycles to converge in the integrative period of the second globalization from the 1960s. Artis and Okubo (2008) provide a long-run historical perspective which, by revisiting the era of the first globalization before the First World War, demonstrates a tendency for globalization to produce a high degree of synchronization in national business cycles. Stock and Watson (2005) concluded from their analysis that comovement has fallen during the 1984-2002 period relative to 1960-83, due to the absence of common shocks.
While these studies are based on country data, little work has been done at the regional level. There is some indication that European monetary integration has boosted convergence, although the impact of national borders is quite strong, see Montoya and De Haan (2007) . While deeper trade integration exerts a positive effect on synchronization, specialization and exchange rate volatility appear to be the main drivers of dispersion (Tondl and Traistaru-Siedschlag, 2006) .
As the industrial structure at the country level represents an average of heterogeneous regional patterns, evidence in favor of convergence might be easier to come by when the analysis is conducted at the national level. It is important to note that recent examination of the scope of consumption risk-sharing offers an explanation for this (KalemliÖzcan, Sørensen and Yosha, 2003) : if institutions and policies can be relied upon within the nation to promote risk-sharing, by the same token they may encourage regional specialization of production.
By looking at the regional dimension, a larger information set can be exploited and may Owyang, Piger, and Wall (2005) . Therefore, the response to monetary policy is not uniform (Carlino and De Fina, 1998 and 1999 , Fratantoni and Schuh, 2003 , Hanson, Hurst and Park, 2006 . In fact,
there is some evidence that synchronization has decreased since the late 1980s, implying that the US matches the optimum currency area criteria less well than in earlier periods, see Partridge and Rickman (2005) . The contradiction between what is commonly seen as being a highly successful monetary policy at the national level and this evidence of increasing asymmetry between regional cycles might be traced to a trade-off between national cycle volatility and regional synchronization.
The results obtained by a panel model with spatial effects indicate that the impact of national business cycles for the regional development has been rather stable over the past two decades. Hence, a tendency for convergence in business cycles often detected in country data is not confirmed at the regional level. The pattern of synchronization across the euro area is similar to that across US states. Although cyclical heterogeneity is detected, it does not indicate a serious impediment to a common monetary policy of the European Central Bank.
The paper is structured as follows. Section 2 presents the spatial panel models employed as a workhorse in the analysis. Section 3 describes the data and discusses the estimation results. Finally, section 4 concludes.
Panel models with spatial dependencies
Dependencies along the regional dimension can be approximated by a spatial ARMA model
where y is the endogeneous variable with observations from n regions, X a matrix of k explanatory variables and ε the error term (see Anselin, 2001) . Spatial spillovers are captured by the introduction of spatial lags of the endogeneous variable, by spatial correlation in the error term, or both. The spatial lag captures a direct impact of the business cycle in a neighborhood region on the respective regional cycle. A spatial error specification might point to forces that are behind similarities in the regional business cycles, such as unobserved technical spillovers or knowledge flows. W denotes a n×n matrix of spatial weights, with elements equal to 0 or 1, depending on whether two regions share a common border (1) or not (0) 2 . In case the first order lags are not sufficient to model the regional spillovers, higher lags can be embedded. Information criteria can serve as a guideline to arrive at a parsimoneous specification. If more complex lag structures are needed, however, it might be convenient to define W in a cumulative form (Anselin, 2001) . Moreover, a row-standardized form of the matrix is often used to extract the mean of observations from contiguous regions.
The The model (1) refers to a pure cross-sectional framework. To explore the impact of common drivers on regional business cycles, the time series dimension has to be added. This is done by estimating a panel model allowing for spatial effects: in this we follow the instructive leads given by Elhorst (2003) and Baltagi and Li (2006) . In particular, we are using two panel models with fixed-effects: the spatial lag and the spatial error model. Both variants turn out to be sufficient to remove the spatial autocorrelation patterns in the regression residuals.
Data and results
Data for 41 EU regions and 48 US states are exploited: see Table 1 Table 2 . The analysis refers to the cyclical component of regional GDP. This is defined either as a deviation from trend, where the latter is obtained by a Hodrick-Prescott filter, or by annual growth rates. Following Ravn and Uhlig (2002) , the smoothing parameter is set equal to 6.25.
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In the next step, the regional business cycle is explained by the area wide cycle and spatial spillovers. To explore the role of supraregional forces, the area wide cycles are proxied by the common factors of the regional business cycles 4 . These factors represent the comovements of the regional series, which may be caused by shocks occurring at the national or international level. They are extracted by principal component analysis, where the number of factors is determined on the grounds of information criteria. For both the US and the euro area, two factors are found to be optimal. They account for the bulk of the overall variance of the regional series (between 60 and 70 percent). To capture the impact of spatial spillovers, spatial lag and spatial error models have been estimated. The different specifications can provide additional insights into the robustness of results.
The relevance of the supraregional components for individual regions can be measured by the corresponding factor loadings. See Figure 2 for the loadings of the first common factor. For the US, the correlation is particular strong for the New England states, and the Western coast. For the euro area cycle, the dominance of the German development is striking.
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Regression results are reported in Table 4 . The top panel reports the results for the entire sample period, the lower two for successive subsamples. The first two rows of each panel contain the estimated parameters of the first two principal components. The next two rows contain the estimates of the spatial coefficients of the spatial lag model and spatial error model, respectively. For most of the years the residuals appear to display no or very low spatial autocorrelation. Therefore, both specifications are appropriate to model the spatial pattern.
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Thus, the first factor is always significant, regardless of the time period. The second factor is only significant in case of the euro area over the whole period. The parameters are fairly robust across subperiods. The inclusion of spatial effects (spatial lag or spatial error) improves the model fit. Spatial coefficients are always significant, indicating the strong presence of cyclical dependencies across regions. The positive sign of the coefficients shows that neighbour regions tend to be in the same phase of the business cycle.
In case of the euro area, the spatial parameters do not differ systematically over the two subperiods. However, for the USA, they decline quite substantially over time: in the second subsample they are about 1.5 times smaller than in the first period. This finding is in line with the behaviour of the smoothed Moran's I coefficient, see Figure 1 . Common supraregional business cycles, as represented by the first two common factors, did not account for a larger share of the regional economic evolution in more recent years.
Therefore, a tendency towards higher cyclical synchronization often found in country studies cannot be confirmed at the regional level.
Conclusion
In this paper we have examined real business cycle convergence for 41 euro area regions and 48 US states. Results obtained by a panel model with spatial correlation indicate that the impact of national business cycles for the regional development has remained rather stable over the past two decades, in particular across US states. A tendency for convergence in business cycles often detected in country data is not confirmed at the regional level. The degree of synchronization across the euro area is similar to that found for the US states. As a common monetary policy works for the US, the existing heterogeneity in the cyclical experience of European regions cannot be seen as an impediment for a common monetary policy in the euro area. 
